The input subsidy and technology are the two significant factors for the development of agriculture in India. Concerns are often expressed about a decrease or increase in input subsidy and inadequate investment in farm technology development. Policy planners often face the questions like what would happen to output supply, factor demand, agricultural prices and farmer income under alternative input subsidy and farm technology scenarios. and what would be the impact of input subsidy and technological innovation on the welfare of producer and consumer ? To find answer to such questions, empirical unified models for two major cereals -wheat and rice -have been developed and analyzed for input subsidy and farm technology. The study has revealed that technology is the most powerful instrument for neutralizing factor price inflation and safeguarding the interest of producers as well as consumers, while input subsidy has a weak effect on output supply. The study has observed that investments in irrigation, rural literacy, capacity building, research and extension and information flow are crucial to increase supply at a higher growth rate.
Introduction
Rising costs of farm inputs discourage their use and lead to reduction in commodity supply and profitability of farmers. The decline in supply of commodities raises their prices causing hardships to the consumers. The rise in crop prices should not only counteract the rising input costs but also to leave sufficient margin to the farmers which may be conducive to investment in agriculture. The situation can be corrected by manipulating price and non-price factors through subsidy, investment in irrigation, capital inputs, technology development, market development, etc. This study has been undertaken to develop food crop model with emphasis on rice and wheat, which account for more than 70 per cent of total foodgrains production and are the backbone of India's food security and household nutritional security. An attempt is also made to estimate the producer and consumer core systems for these commodities.
The specific objectives of the study were: (i) to develop factor demand, output supply, income, and consumer demand models for rice and wheat; (ii) to evaluate the effects of price and non-price factors on factor demand, output supply, output demand, prices and farmers' income; (iii) to simulate the model and suggest the adjustments needed in price and non-price factors to attain the specific goals, and (iv) to find out which is more important between input subsidy and technology for agricultural development. 
Methodology
The partial models were designed to simulate the effects of macroeconomic developments and policies on the quantities and prices of commodities produced and factors of production used in commodity production. The models were so designed as to be applied to either individual states or several states linked by national markets for crop output and factor demand. These markets are connected through supplydemand behaviour of producers and consumers. The producer behaviour core consists of factor demand and output supply equations in the product market. The consumer behaviour core consists of demand equations of commodities.
The study has used a simplified version of the unified approach described by Kumar et al. (1985) . In the unified model, the system consists of factor demand and output supply, output demand and crop net income equations. This model was used to analyze the impact of input subsidies, technology, and demand shifters on prices, supply, demand and income for major food crops, viz. rice and wheat. The policies and program considered were: input subsidies, irrigation investment, agricultural research and input-output policies. The empirical model had several blocks of equations. The first block was producer core system, consisting of factor demand and output supply equations (yield and acreage equations). The second block was of consumer core system containing consumer demand equation and indirect demand equations. The third block was for the TFP response to its sources. All the three blocks of equations were solved simultaneously to build price, supply and demand, and income models to undertake simulation exercise to answer the policy questions like what adjustments are needed in price and non-price factors to attain the specific goals of producer and consumer welfare.
Producer Core System
The theory of profit function (Lau and Yotopoulos, 1972; Chand and Kumar, 1986) , or cost function (Binswanger, 1974; Kumar et al., 2010) provides a set of factor demand and output supply equations as:
Factor demand: X = F (P, p, Z, T) …
Output supply: Q = Q (P, p, Z, T) … (2) where, X is a vector of k variable inputs, P is a vector of crop output prices, p is a vector of variable input prices, Z is a vector of fixed inputs, T is a vector of technology, and Q is a vector of crop output supply. The output supply and factor demand functions are expressed in growth form as:
… (3) … (4) The dot on a variable indicates the rate of change; E parameters are the elasticities of output supply and factor demand. Q = [Q i ,Q w ] is the output vector for rice and wheat and X = [N, B, M, F, O] is a vector of human labour, bullock labour, machine labour, fertilizer and other inputs, respectively. P = [Pr, Pw] is a vector of rice and wheat price. p = [w, b, m, f, i] is the vector of input prices corresponding to human labour, bullock labour, machine labour, fertilizer and other inputs.
Acreage Response Model
The area response elasticity for rice and wheat was estimated using Nerlove dynamic model (1958) based on the concept of adaptive expectations. The reduced estimable equation was specified as follows:
where, A t is the crop area under cultivation at time t, A t-1 is the one year lagged area, P t-1 is one year lagged crop price, and TFP t-1 is one year lagged TFP index.
TFP Response Model
The issue of sustainability of crop productivity is emerging fast. The productivity attained during the green revolution period has not been sustained in the post green revolution, and has posed a challenge to shift the production function by improving the technology index. It is possible through technology movers, judicious use of natural resources and harnessing of biodiversity. During green revolution era, large investments were made on agricultural research, extension and irrigation development. The total factor productivity (TFP) can be induced by such factors as research, extension, human capital (literacy), irrigation and climate. The data were analyzed with state dummy fixed effects as such specification would knock out 3 the climate effects. As an input to public investment decisions, it is useful to understand the relative importance of these productivity-enhancing factors in determining productivity growth. Multiple regression analysis was carried out to assess the determinants of TFP. The TFP index was regressed on the following variables: = 1971 -80, 1981 -90, and 1991 -2008 . Following Evenson et al. (1999 , the research stock variable was constructed by summing up research investment of five-years by assigning weights as 0.2 in year t-2, 0.4 in year t-3, 0.6 in year t-4, 0.8 in year t-5 and 1.0 in year t-6. The extension stock variable was constructed by summing up three years' extension investment by assigning weights as 1.0 in year t-1, 0.8 in year t-2, and 0.4 in year t-3.
Supply Growth Model
Crop area (AREA), total factor productivity (TFP), supply elasticity and input-output price environment are the major sources of supply growth. The supply growth equation for commodity can be expressed as:
… (6) where,
=
Supply growth for the commodity, = Yield response elasticity with respect to the product price, = Output price growth, = Elasticity of factor demand for the ith input, = Input price growth of the ith input, = Acreage growth of the commodity, and = TFP growth of the commodity.
Income Model
The net income (I) from a crop is given by Equation (7):
where, P = Price of a commodity, The growth in net income in terms of elasticity can be measured as per Equation (8):
Using the formulae developed by de Janvry and Kumar (1981) , different income elasticities were computed using Equations (9) to (16) given in Box 1.
Consumer Core System
Following the consumer demand theory, the commodity demand equations in growth form can be expressed as: 
The Unified Model
Each supply and demand relationship in every crop market has both endogenous and exogenous variables. In the market, price and quantity of a commodity are determined by its demand and supply. The exogenous shifters, viz. technology movers, population and income growth, indirect demand within domestic and international markets are not determined within the markets per se. The equilibrium product prices are determined by equating output supply to its demand for each crop (S i = D i; I = 1, n). These equations are solved for prices and substituted into supply, demand and income equations. The endogenous variables are expressed as: where, p terms measure the input prices effect, Lr and Lw are the area under rice and wheat, respectively, terms LIT, RES, EFT and IRR are the supply shifters, and ID, Ic, POP are the demand shifters and measure the shifters' influence on policy variables, viz. product price (P), supply (S), demand (D) and farmers income (I). The exogenous shifters play a critical role in the policy model. These models can be cast in growth rates of the endogenous variables, exogenous variables (shifters) and elasticity of the demand and supply curves in all markets. The model measures the impact on the growth rate of endogenous variables with a small change in the growth rate of shifter variables. The model allows asking questions like what would happen to output supply, factor demand, agricultural prices and incomes under alternative technology change scenario, or what would be the effect of input subsidy and labour-saving technological change on producer and consumer welfare? Empirical unified models for rice and wheat have been developed and analyzed for policy concern in the study.
Results and Discussion

Estimates of Producer Core System
The econometric application of new production theory based on the duality relationship between production function and variable profit / cost function was a major development in generating supply response estimates. Following Binswanger (1974) , translog cost function has been used to derive a system of factor demand equations and to estimate factor demand and output supply elasticities (for details see Kumar et al., 2010) . 
Input Demand Elasticity
The restricted estimates of the parameters of translog cost function model were obtained by jointly estimating the four factor share equations, viz. human labour, animal labour, machine labour and fertilizer for rice and wheat crops. Most of the restricted estimates were highly significant for all the factor share equations for both the crops. The parameters of share equations, though have little economic meaning, are used to compute the elasticity for factor demand. The input demand elasticities were estimated with respect to own and cross prices for human labour, animal labour, machine labour, fertilizers and other inputs (irrigation, plant protection and others). The factor demand elasticities for rice and wheat crops are given in Table 1 . As expected, all own input price elasticities of demand had statistically significant negative signs. The magnitude of factor demand elasticity differed significantly across crops and inputs, depending on the level of agricultural development and technology used.
For rice, the own price elasticity of input demand was estimated to be -0.61 for machine labour, followed by irrigation and plant protection (-0.54), animal labour The estimates indicate that demand for machine labour is sensitive to its price. On the policy front, a reduction in machinery prices through subsidy is expected to expand mechanization in rice farming and enhance rice productivity. The demand for animal labour, machine labour and Fertilizers is influenced significantly by the change in wages. With a raise in wages, the demand for animal labour and machine labour is likely to increase and for fertilizer-use is likely to decline.
For wheat crop, the animal labour demand is sensitive to animal labour wages. The demand elasticity was estimated to be as high as -0.62 for animal labour, followed by -0.34 each for machine labour and Fertilizers, -0.31 for human labour and was highly inelastic for irrigation (-0.06) . Cross price elasticities across machine labour and human labour were positive and significant and indicated the substitutive relationship between human labour and machine labour for rice. A substitutive relationship was observed for animal labour and machine labour for wheat. It was because the mechanized operations are easier for wheat than for rice and are more farmer-friendly.
High animal labour charges will induce a higher use of machine labour as it results in substitution of animal labour with machine labour. In wheat production, the technology being used was such that animal labour could be easily substituted by machine labour. Wheat is an irrigated crop and therefore, irrigation demand is not sensitive to rise in irrigation price. The subsidy on farm machinery and fertilizers would induce higher use of modern inputs and improve farming efficiency and productivity.
Yield Response Elasticities
The yield response elasticities for rice and wheat crops were derived from the factor demand elasticity 7 matrix and the results are presented in Table 2 . The yield response elasticities have shown the response of commodity price and input price on supply of rice and wheat. The yield response elasticity with respect to crop output price was estimated as 0.22 for rice and 0.27 for wheat. The input responses were highly inelastic, nearly zero. The crop price had the dominating influence on the supply of commodities and therefore, a positive price policy will enhance food supply.
Acreage Response Elasticities
Following Nerlove's adjustment model, the acreage elasticity with respect to lagged acreage was estimated to be 0.85 for rice and 0.86 for wheat (Table  3 ). The price of rice has a significant positive impact on its acreage. However, wheat price has not shown a significant effect on its acreage. Technology (TFP) has depicted a positive and significant effect on area under the crop. With the development of technology, the cropping pattern will shift in favour of the major food crops.
TFP Elasticities
Multiple regression analysis was carried out to study the factors influencing TFP for rice and wheat crops. The TFP index was regressed on rural literacy, research stock, extension stock and irrigation. The state dummy was also included in the estimation to control fixed effects. A term for interaction between research and extension was also included in the estimation. The elasticity of TFP with respect to various sources at mean level was computed and is given in Table 4 .
The results revealed that irrigation, agricultural research, and extension services delivery are the important sources of TFP. These TFP elasticities were used to build the supply model described in the subsequent section. Additional investment on irrigation and rural literacy have been found to be highly productive and rewarding and would go a long way in stepping up TFP in India and will shift the food supply functions upwards.
Supply Elasticities
Using the yield, acreage, and TFP elasticities with respect to their exogenous variables, supply elasticities were derived and are given in Table 5 . The supply elasticities with respect to input prices are very low and less than one, the lowest for fertilizer prices and the highest for wages. The commodity supply is not sensitive to fertilizer price. Supply is highly responsive to commodity price. This has obvious implications on the determination of the level of government price support for agricultural output. A 10-per cent raise in the commodity price will induce additional supply of 2.7 per cent for both rice and wheat.
Among non-price factors, the acreage, irrigation, literacy and research are the powerful instruments which need to be simulated to attain supply growth at the desired levels. Irrigation, literacy and research are the major sources of TFP growth. A 10-per cent growth in irrigation will increase output supply by 6.2 per cent for rice, and 7.9 per cent for wheat. Rural education also enhances farming efficiency. A 10-per cent raise in education level would induce substitution of traditional labour with machine labour and would result in 1.3 per cent increase in rice production and 8.6 per cent rise in wheat production.
Using commodity supply elasticities with respect to its sources and growth rate of each source, the contribution of each source to supply growth was computed for both rice and wheat crops and the results are presented in Table 6 . The output price revealed the supply growth of 45 per cent for rice and of 31 per cent for wheat. The input prices depicted a negative supply growth. The net price effect on supply growth was estimated to be 0.2 per cent for rice and -9.6 per 9 cent for wheat. The acreage could contribute 43.6 per cent to rice supply growth and 27.7 per cent to wheat supply growth. The TFP sources accounted for about half of the rice supply growth and two-thirds of wheat supply growth. Among the TFP sources in rice supply, irrigation contributed 37 per cent, followed by research and extension (11.2%) and literacy (7.8%). Irrigation and literacy were found to be most important sources for wheat supply growth. Higher investments on irrigation, education and research will induce substantial growth in supply of both these food crops.
Crop Income Elasticities
The elasticities of factor demand and output supply were used to compute crop net income elasticities with respect to input and output prices. These elasticities for rice and wheat crops are presented in Table 7 . The income elasticity with respect to output price was found quite high (highly elastic) for both the crops and was estimated to be 3.4 for wheat and 3.5 for rice. The income elasticities with respect to input price like human labour, animal labour, machine labour, fertilizer and irrigation were negative for both the crops. The negative income elasticities were the highest with respect to wages, followed by input price for animal labour, irrigation, fertilizer and machinery. Since paddy is a labour-intensive crop, a raise in human labour wages and animal labour price will have a bigger negative impact on income from paddy than from wheat crop. With a rise in modern input prices, the decline in income will be slightly more in wheat than in rice crop.
From these elasticities, the impact of pure price inflation on crop income can be measured assuming dp/p = dw/w = db/b = dm/m = dr/r = di/i. Since all the relative prices remain constant, the elasticities of output and derived factor demand with respect to relative prices are equal to zero. The elasticity of income with respect to pure price inflation was estimated to be 0.88 for rice and 1.0 for wheat. With a 10-per cent pure price inflation, the income of producer will increase by 8.8 per cent from rice and 10.0 per cent from wheat. Thus, even though pure price inflation is neutral on output level and factor use, it has a strong positive effect on crop income. If there is a 10-per cent inflation in factor price, then to sustain the producer income from crop, there would be a need to increase commodity price by 7.5 per cent for rice and 7.1 per cent for wheat.
Consumer Demand Elasticities
A multi-stage (three-stage) budgeting framework has been used to estimate demand elasticities for cereals (See for methodology Dey, 2000; Dey et al., 2008; Kumar et al., 2011) and the results are presented in Table 8 . The income elasticities were less than one for all the cereals (highly inelastic) with magnitude of -0.03, -0.05, -0.06 and -0.04 for rice, wheat, maize and other coarse cereals, respectively. The own-price elasticities were found negative for all the cereals, as expected. For rice and wheat the own price elasticities were more than one --1.30 and -1.81, respectively. For maize and other coarse cereals, these elasticities were less than unity --0.45 for maize and -0.77 for other cereals. The own-price elasticities were much higher than expenditure elasticities. The own-price elasticities for demand were negative and cross price elasticities were positive, indicating substitution across cereals types. The implication is that food prices need to be kept low for achieving food security. 
Aggregate Demand for Rice and Wheat
The aggregate demand for commodities is influenced by not only price and income factors included in the per capita consumer demand equations, but also by non-price factors (shifters) like population, seed rate, acreage, feed, other industrial uses and trading of commodities. By using the respective shares of consumer demand, seed and other uses (given in Appendix Table 2), the aggregate demand elasticities for commodities were computed and are presented in Table 9 .
The own-price elasticity of aggregate demand has been estimated to be -1.23 for rice and -1.61 for wheat. The cross price elasticity of the substitute commodities was positive and less than one. The rice demand elasticity with respect to wheat price has been estimated to be 0.43 and the wheat demand elasticity with respect to rice price has been estimated to be 0.51. With one per cent increase in own price, the decline in demand would be 1.23 per cent for rice and 1.61 per cent for wheat. After adjusting the substitution effect, the net negative impact on demand would be 0.81 per cent for rice and 1.1 per cent for wheat. Income has revealed inelastic negative effect on the aggregate demand for rice and wheat. It explains the observed phenomenon that the per capita cereals consumption is declining over time. Rice and wheat are the strong substitutes for each other in the consumer food basket, whereas maize and other coarse cereals are the weak substitutes for rice and wheat.
Population and indirect demand (seed, feed, wastages and industrial uses) are the strong demand shifters. The aggregate demand elasticity with respect to population was estimated to be 0.95 for rice and 0.89 for wheat, which are both less than one. Thus, their demand will grow at a rate lower than of the population growth, indicating a declining trend in the cereals consumption, as has been observed in the consumer expenditure data collected by NSSO. This decline is basically attributable to the structural shift in the dietary pattern and increasing availability of a wide variety of other food commodities.
Simulated Results of Unified Model
The exogenous variables in the unified model have been classified as price and non-price factors. The price factors included factor price and acreage. The non-price factors included growth in productivity through technology, population, consumer income, trade, and other uses. The technology is influenced by the investment in research, extension, literacy, irrigation, infrastructure, etc. The estimated supply and demand models provide the elasticity of price and non-price factors, indicating the direct partial effects of each one of them on factor demand, output supply and demand and crop net income. At equilibrium, the rice demand growth is equal to rice supply growth (D . r =S . r) and wheat demand growth is equal to wheat supply growth (D . w =S . w). By solving these equations simultaneously, the equilibrium price determination equations were derived as per Equations (23) and (24):
. P … (24) where, Pr, Pw, Pm, and Poc are the commodity prices of rice, wheat, maize and other cereals, respectively.
By substituting the equilibrium price of rice and wheat in farm input demand equation (Table 1) , commodity demand (Table 9) , commodity supply (Table 5 ) and net crop income (Table 7) , the net effects of price and non-price sources on input demand (Table  10 ) and on supply, demand and net income (Table 11) for rice and wheat were computed. These equilibrium models are useful for commodity market planning as they provide instant results to understand the role of price factors (input prices, subsidy, etc.) and non-price factors, i.e. supply shifters (investment on research, extension, literacy, irrigation, etc.) and demand shifters (population, indirect demand, consumer income, etc.) on food security and welfare of producers (farmers) and consumers. Using the elasticities given in Table  10 and Table 11 and the growth observed in exogenous variables, the sources of growth for factor demand, output price, supply demand, and income were computed for both rice and wheat crops and are shown in Table 12 and Table 13 , respectively.
Sources of Input Demand
The own input price has a negative and the acreage a positive effect on factor demand (Table 10 ). The technology movers improve the input-use efficiency and cut the input-use in producing the same output. Thus, the factor demand elasticities with respect to technology are negative for all the inputs. The elasticities of factor demand with respect to demand shifters are positive and are dominating for population.
Among shifters, the acreage and population induce higher use of inputs.
All the sources of input demand at observed growth rates, given in Table 12 , revealed that the demand for human labour will increase at the rate of 1.85 per cent for rice and 0.82 per cent for wheat per annum. The animal labour demand will increase at the growth rate of 2.77 per cent for rice and 0.85 per cent for wheat. The demand for machine labour will be higher for wheat than for rice. The fertilizer demand will grow at a high rate of 2.97 per cent for wheat and 1.4 per cent for rice. The demand for irrigation and plant protection chemicals would be higher for wheat than for rice. The demand for human labour and animal labour will grow faster for rice as compared to wheat.
Sources of Commodity Price
Input prices have inflationary effect on market price of both rice and wheat (Table 13) . With increase in price of input, its use decreases, and consequently, commodity supply decreases and commodity price increases. Across farm inputs, input price effect on commodity prices is highest of wages, followed by animal labour and machine labour and is the least of fertilizer prices. The inflationary pressure on input prices will increase the prices of both rice and wheat at the rate of 1.7 per cent per year. Rice and wheat being the major staple cereals and accounting for more than half of the food expenditure of poor consumers, the rise in price of these cereals has a negative impact on welfare of the poor. Increase in area under crop or its substitutes will have a negative effect on crop output price. One per cent expansion in acreage will lead to a decrease in commodity price by 1.47 per cent for rice and by 1.22 per cent for wheat. Supply shifters or technology movers (literacy, research, extension, and irrigation) have a negative effect on the market price of a crop. At the observed past growth of technological development, the commodity prices are expected to decline at the rate of 2.3 per cent for rice and 3.1 per cent for wheat. Among different inputs, irrigation has emerged as the most important source contributing to food security, due to inducing a considerable decline in commodity prices (1.37 per cent for rice and 1.57 per cent for wheat annually). Irrigation, literacy and research investment contribute to a higher input efficiency and supply and lower unit cost and market price for cereals, benefiting both producers and consumers. Among the demand shifters, population plays a dominating role in generating demand and raising prices by 1.09 per cent for rice and 0.92 per cent for wheat annually. Consumer income has the minimum effect on cereal prices. It seems that the positive effects of input prices and demand shifters on market prices of rice and wheat have nullified the negative effect of acreage and TFP sources. The growth in product price by all sources will decline at the rate of 0.95 per cent for rice and 2.03 per cent for wheat. The income elasticity with respect to commodity price is highly elastic (Table 7) ; therefore, in the absence of minimum support price (MSP), the producer income will decline substantially for both rice and wheat.
Sources of Supply, Demand and Farm Income
As seen in Table 11 , the net effects of price factors on supply, demand and farm income were negative, as expected. The capital inputs (machinery) have mild and negative effects on output supply and farm income.
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The fertilizer subsidy of 10 per cent will increase fertilizer-use by 2.1 per cent for rice and 3.3 per cent for wheat (Table 10 ) and a mild increase in the commodity supply (0.11-0.29%), demand (0.11-0.26%), and farmers' income by 2.93-3.33 per cent. Input subsidy providing 10-per cent reduction in input prices, will help in a decline in commodity prices by 1.9 per cent, and would raise commodity supply by 1.7 per cent for rice and 2.2 per cent for wheat and will raise profitability by 19.3 per cent from rice and 17.8 per cent from wheat cultivation. Input subsidy will not be feasible in the long-run. A viable solution can be found by appropriate adjustments in technology movers, mainly irrigation led by literacy, research and extension investment.
Unlike price factors, technology movers which influence the TFP, can have a stronger effect on factor demand and output supply, but have a negative impact on commodity price. Thus, crop income to farmers would decline substantially because it is highly elastic with respect to output price. With 1-per cent increase in technology, the supply will increase by 0.65 per cent for rice and by 1.41 per cent for wheat and the price will decline by 0.87 per cent for rice and by 1.08 per cent for wheat. Due to the decline in price, the consumer demand will increase by 0.61 per cent for rice and 1.30 per cent for wheat and net income will decline by as high as 3.0 per cent from rice and 3.7 per cent from wheat. The area under crop will increase the supply, reduce the price, increase the demand, and reduce the income. However, the demand shifters, viz. indirect demand (seed, industrial use, and trade) and population have positive effects on prices, supply, demand and income from crops.
Under the assumption that the factor price inflation will continue at the same rate as was observed in past, no change in acreage, technology movers, and demand shifters, the price of rice will increase by 1.65 per cent and its supply, demand, and income will decline by 1.45 per cent, 1.34 per cent and 16.8 per cent, respectively (Table 13) . Similarly, for wheat crop, the output price will increase by 1.69 per cent and wheat supply, demand and income will decline by 2.01 per cent, 1.86 per cent and 14.6 per cent, respectively. The acreage has a negative impact on output price with annual growth rate of 1.47 per cent for rice and 1.22 per cent for wheat. The supply will increase at the annual growth rate of 1.44 per cent for rice and 1.35 per cent for wheat. Demand will grow at the annual rate of 1.32 per cent for rice and 1.26 per cent for wheat. However, income will decline at an annual rate of 2.96 per cent for rice and 2.23 per cent for wheat.
The technology movers will shift the supply function upward and supply will increase at an annual growth rate of 1.74 per cent for rice and 4.1 per cent for wheat. The price of the commodity will decline by 2.3 per cent for rice and by 3.13 per cent for wheat. The decline in price will have a positive impact on demand with the growth rate of 1.63 per cent for rice and 3.76 per cent for wheat. The profitability will decline at the annual rate of 8.03 per cent in rice and 10.7 per cent in wheat. The demand shifters, as a result of indirect demand and population growth, will increase the price at the rate of 1.14 per cent for rice and 1.0 per cent for wheat. The higher output price has a positive response on supply which will grow at the annual rate by 0.31 per cent for rice and 0.27 per cent for wheat and profitability will increase at the rate of 3.97 per cent from rice and 3.40 per cent from wheat. Taking all price and non-price factors together, the supply will increase at the rate of 2.05 per cent for rice and 3.33 per cent for wheat annually. The price will decline at the rate of 0.95 per cent in rice and 2.03 per cent in wheat. This will have adverse influence on profitability. The crop net income is likely to decline by 23.7 per cent in rice and 25.4 per cent in wheat. To safeguard farmers' interests, the government intervention becomes essential for price, production and income stabilization.
Fertilizer Subsidy and Crop Price Stabilization
The price growth model provides the output price elasticies with respect to input price, acreage, technology movers, and demand shifters. If we withdraw the fertilizer subsidy and depend exclusively on technology to ensure complete product price stability (dp/p =0), then the required adjustment in technology has been computed and is given in Table  14 . Withdrawal of fertilizer subsidy will have a negative impact on the supply of rice and wheat and their prices will increase. The technological changes induce output supply. The positive and negative impacts can be neutralized exclusively by adjusting the technology sources at the desired levels to compensate withdrawal of 10-per cent fertilizer subsidy. The results are presented in the last column of Ns: non-significant literacy rate will have to be increased by 0.44-0.70 per cent, investment on research and extension needs to be increased at the growth rate of 6.0-6.6 per cent annually, and irrigation must increase at the growth rate of 0.30-0.40 per cent annually. The required growth in technology (TFP) is estimated to be 0.18-0.20 per cent annually to compensate 10-per cent fertilizer subsidy burden and ensure food price stability. The model can also be used to estimate the required adjustment in TFP and its sources to attain price stabilization under population pressure.
Conclusions
Technology, acreage and population are the most powerful instruments that need to be manipulated not only to neutralize factor price inflation but also to safeguard the interest of producers and consumers, the input-price subsidy is likely to have a weak effect on supply. It is the technology that has a substantial impact on food supply. Public policies like investments in irrigation, rural literacy, research and extension are crucial to increase supply at higher growth rate. The input subsidy has a positive effect on input use, crop supply and farm income, but technology shifters have a positive and strong influence on commodity supply and a substantial negative effect on farmer income because of the decline in market price in the absence of minimum support price policy. Also, the input subsidy to farmers and price subsidy to consumers will not be feasible in the long-run as they involve a substantial share of public resources. A viable solution can only be found with appropriate adjustments in the non-price factors. An effective minimum support price program is essential to protect the welfare of farmers. To compensate the impact of 10-per cent reduction in fertilizer subsidy, the TFP growth will have to be increased from the present level by 0.18 per cent for rice and 0.20 per cent for wheat by adopting appropriate measures.
